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HMMWV 30-mph Rollover Test



Soldier Gear Effects



Occupant Performance in Blast Effects
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Rigid Body Modeling

A multibody system is 
a set of bodies 
interconnected by a 
kinematic joints ( )iiiiiii
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equals, derivative  time2nd And
body  oftor locity vecangular ve  theis   where,

equals, derivative First time

notation,matrix in or 

by,given  is space referencein  body on point  a P, ofector Position v
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Rigid body modeling - continued

Two bodies interconnected by an
arbitrary kinematic joint; motion of 
body j is described relative to parent
body i
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- ocitieslinear vel

andangular for  sexpression following  theyield s,derivative first time Taking

body on  system coordinate

joint  the tobody on  system coordinatejoint   theoforigin   thefromvector 

body ingcorrespond  theof system coordinate local  theof

origin  the torelative body  on the system coordinatejoint   theoforigin   theofector position v

body ingcorrespond  theof system coordinate local  theof

origin   the torelative body on  system coordinatejoint   theoforigin   theofector position v

body on  system coordinate local  theoforigin   theofector position v 

body on  system coordinate local  theoforigin   theofector position v

body  of system coordinate local ofn orientatio matrix, cosinedirection 

body  of system coordinate local ofn orientatio matrix, cosinedirection 

body on  system coordinatejoint   torelative

 with body on  system coordinatejoint  ofn orientatio matrix, cosinedirection 

body on  system coordinate localbody   torelative

body on  system coordinatejoint  matrix, cosinedirection dependent  time

Where,

JOINT BY CONNECTED BODIES OF KINEMATICS
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Rigid body modeling - continued

{ } { } 0                
:system in the bodies

allfor  summed equations resulting  the, n,orientatio of  variationa
and  ector,position v of  variationand work  virtualof principle Using

joints  todue  torquesand forces constraint includeboth   and 
CG  the torelative vector torqueresultant 

CG   the torelative vector forceresultant 
tor locity vecangular ve

gravity ofcenter  r to tensor w/inertia 
mass

Where,
                            
                            

:aregravity  ofcenter 
 its  toreferred body  rigid of Euler)-(Newtonmotion  of Equations
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Rigid body modeling - continued

loads. applied  theand system  theofgeometry  ousinstantane on the

lyadditional depends  system.  theofgeometry  ousinstantane  theand bodies the

 of inertia on the depend  ofmatrix column  1 x   theand matrix  6 x 
body parent   theof system coordinate  theofon accelerati

angular  andlinear  of components containst matrix thacolumn  1 x 6 a is 
Where,

                                            
:obtained are freedom of degreesjoint   theof derivative 2ndfor  Expression
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Rigid body modeling - continued
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,point  at time ariablesposition v for thesolution 

gives which methodEuler implicit   theusing integrated are variables velocity The

                                           
point  at time variables velocity gives which methodEuler explicit 

integrated are equations aldifferentiorder  second ; step  timefixed with method step One
:methodEuler  Modified

step  time variablea with methodMerson  Kutta-Runge a -
step  timeeor variabl fixed a with method Kutta-Runge a -
step  timeeor variabl fixed a with methodEuler  modified a-

:methods  threeavailable  theusingy numericall solved aremotion  of Equations

freedom of degreeson acceleratijoint 

 freedom of degreescity joint velo

freedom of degreesposition joint  s;coordinate dgeneralizeh matrix witcolumn 

 and  of  valuesinitial with ,,,                                         
:equations aldifferentiorder 

 secondlinear -non coupled of system a formmotion  of equations The
:methodsn integratio Numerical
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Finite Element Methods
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Typical finite element �e�
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where,
                                          

structure, entire for the forces nodalfor  mequilibriufor  equations of system  theAnd

 and 
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 , matrix, force nodal and, matrix, stiffness the
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Injury Criteria development

Scalp, Skull, Meninges and Brain



Injury Criteria development - continued

( ) ( )

ms 36  tolimited is HIC
pulseon accelerati during times

arbitrary   twoare  and  Where,
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Optimization

( )
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( ) h)must vanisgradient  (the 0XF
- problems nedunconstraifor 

optimum globalfor  conditions sufficient andNecessary 
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.  X where,

sconstraint Side      ,1    

constraintEquality       ,1          0X

constraint Inequality    ,1          0X
:Subject to

function Objective               :Minimize
:Problemon Optimizati dConstrainelinear -Non
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Optimization - continued

( )

( )

( )






































∂
∂

∂
∂

∂
∂

=∇

XF
X

XF
X

XF
X

n

.

.

.F(X)

where,

2

1

( )
( ) ( ) ( )
0

.3

0          ,1              0 2.
feasible is  1.

:sufficient andnecessary  are conditionsTucker -Kuhn
design, optimum  thedefines X vector if problems, dconstrainefor  And

*

1

*

1

*

*

*

*

≥

∇+∇+∇

≥==

+
==
ΣΣ

j

kkm

l

k
jj

m

j

jjj

XhXgXF

mjXg
X

λ

λλ

λλ

( ) ( ) ( )

( ) ( )

( ) ( ) ( )




























∂
∂

∂∂
∂

∂∂
∂

∂∂
∂

∂
∂

∂∂
∂

∂∂
∂

∂∂
∂

∂
∂

=

2

2

2

2

1

2

2

2

2
2

2

12

2
21

2

21

2

2
1

2

...

...              ...            ...     

...

...

H

 definite positive bemust matrix Hessian   theand

nnn

n

X
XF

XX
XF

XX
XF

XX
XF

X
XF

XX
F

XX
XF

XX
XF

X
XF



Summary

� Crashworthiness and occupant protection in motor vehicles 
comprise the following significant mathematics applications �
� Matrix operations
� Ordinary and partial differential system of equations
� Lagrangian operations
� Fourier transforms
� Taylor series 
� Finite difference methods
� Implicit and explicit finite element methods
� Statistical methods � probabilistic and regression analysis


